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can be put in the logarithmic form 

u log X + v log 2/ = log 2, 

and charted immediately. 

It is even possible to combine two or more 
charts of the general type we have considered, 
enabling us to solve equations containing four 
or more terms. The method is thus almost 
one capable of handling algebraic equations 
in general; but further development of the 
subject would be out of place here. 

Horace G. Deming 

University op the Philippines, 
Manila, P. I. 

THE COORDINATION OF CHROMATOPHORKS 
BY HORMONES 1 

The melanophores of the horned toad, 
Phrynosoma cornutum Harlan, become con- 
tracted during states of nervous excitement. 
All attempts to prevent this reaction locally by 
cutting various nerves have failed. It is thus 
suggested that the melanophores may be co- 
ordinated, in part, by a hormone produced dur- 
ing nervous excitation and carried to all parts 
of the skin by the circulation. 

The skin of one leg may be isolated from 
the general circulation, without blocking its 
nerve supply, by tying a ligature snugly about 
the leg. "When this is done the melanophores 
of the isolated leg remain expanded after the 
animal is thrown into a state of nervous excite- 
ment. The leg appears much darker than its 
mate. Upon removing the ligature the mela- 
nophores contract and the leg becomes pale. 
The effect is not due to a shortage of oxygen 
or the accumulation of metabolic products in 
the leg, for such effects do not influence the 
melanophores of a ligatured leg until much 
later and then they produce a contraction of 
the pigment cells. If blood drawn from a 
horned toad which is in a state of nervous 
excitement is injected into one of the sub- 
cutaneous lymph-spaces of a second animal, 
the skin above the lymph-space will become 

i Contributions from the Zoological Laboratory 
of the Museum of Comparative Zoology at Har- 
vard College, No. 273. 



very much paler than that of the rest of the 
body. The injection of blood from a horned 
toad which has not been thrown into a state of 
nervous excitement does not have this effect. 
During states of nervous excitement the blood 
contains a substance which causes the pigment 
cells to contract. 

What is this substance and where is it pro- 
duced? The conception of a hormone coordi- 
nating melanophore activity is not altogether 
novel, for Fuchs (1914, pp. 1546-1547, 1651- 
1652) has attempted to explain the behavior of 
pigment cells in amphibian larvae and reptiles 
by assuming that substances, perhaps internal 
secretions, which contract the melanophores, 
are produced in the body under the regulation 
of the pineal organ. Laurens (1916) has re- 
cently shown this hypothqpis to be inapplicable 
to the phenomena observed by him in Amhly- 
stoma punctatum. That the pineal organ is 
not concerned, primarily at least, in the re- 
action in the horned toad is proved by the fact 
that removal of the entire brain anterior to 
the cerebellum does not prevent the melano- 
phores from contracting during states of nerv- 
ous excitation. 

The studies of Cannon and his collaborators 
upon the physiology of the major emotions 
present a more promising clue to the nature 
of this hormone. Cannon and de la Paz (1911) 
have shown that during states of emotional 
excitement the adrenal glands are activated 
to such an extent that an increase in the 
adrenin content of the blood from the adrenal 
vein may be detected. Spaeth (1916) has 
amassed a formidable array of facts to prove 
that the melanophore is " a disguised type of 
smooth muscle cell." If Spaeth's contention 
be accepted, it would appear most probable 
that the melanophores should be controlled by 
adrenin, which occupies a particularly signif- 
icant position in the physiology of smooth 
muscle (compare Elliott, 1905). 

Adrenin has been shown to produce a con- 
traction of the melanophores of the frog (Lie- 
ben, 1906) and of Fundulm (Spaeth, 1916). 
Very minute quantities have this effect upon 
the melanophores of the horned toad. Re- 
moval of the adrenal glands does not prevent 
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the reaction which follows nervous excitement. 
This fact, however, merely indicates that there 
are other mechanisms capable of bringing 
about the reaction. By stimulating the adrenal 
glands electrically the melanophores of the 
entire skin may be contracted. If one leg is 
ligatured during this procedure, it will remain 
much darker than its mate; if the ligature be 
removed several minutes after stimulation has 
been discontinued, the leg will quickly become 
as pale as the rest of the body. If the gland 
be isolated from the general circulation by a 
ligature, no contraction of the melanophores 
will follow the stimulation of its surface. 

From the foregoing it is clear that the 
melanophores of the horned toad are coordi- 
nated, in part, through the action of a hormone. 
There is some circumstantial evidence that 
this hormone is adrenin. Experiments are in 
progress designed to give more direct evidence 
concerning the latter point. 

Alfred 0. Kedfield 
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SOCIETIES AND ACADEMIES 

THE AMERICAN PHILOSOPHICAL SOCIETY 

On March 3, Dr. Caroline Bumbold, University 
of Pennsylvania, spoke before the American Philo- 



sophical Society of Philadelphia on the "Patho- 
logical Anatomy of Injected Chestnut Trees." 

While working on tree injection in connection 
with the chestnut-tree blight, about 50 different 
substances: hydrocarbons, alkali metals and metals 
were injected in solutions of varying dilution into 
the trunks of chestnut trees. So far, an examina- 
tion of the trunks and branches of the trees shows 
that the reaction of the tree to the injections was 
alike in kind though not in intensity. This reac- 
tion varied with the distance from the point of in- 
jection. The affected region extended up and 
down the trunk from the point of injection in a 
line, whose width usually was but little more than 
the injection hole. As the distance from this point 
increased the tissues appeared more normal and 
the area of disturbance decreased. Occasionally 
all stages of reaction to an injection could be seen 
in a tree: death — at the point of injection — re- 
tarded! growth, stimulated growth and no reaction. 

The regions that showed response were the cam- 
bium and the phloem. The cambium as such ceases 
growth and is wholly converted into wood-tissue. 
Small isolated groups of xylem cells develop on the 
outside of the rows of normal bast-fiber, through 
proliferation of the already formed phloem cells. 
Large and very 'numerous stone-cells appear in the 
phloem, which increase in number until rows of 
them are formed. An increased number of cal- 
cium oxylate crystals form. The isolated groups 
of xylem, developed in above-mentioned manner in 
the phloem, grow in area and coalesce. In this con- 
version the cells of the phloem take part with the 
exception of the bast-fibers and the stone-cells. 
They are frequently found embedded in xylem. 
This conversion proceeds irregularly, leaving areas 
of phloem surrounded! by xylem, or groups of cells 
of an undecided appearance, apparently partly 
phloem, partly xylem. No specimens have been 
found in which all the phloem cells in the injected 
region of the bark had been entirely converted into 
xylem. 

The conversion of the cells of the phloem into 
xylem cells is not unknown, but it is believed that 
this is the first instance in which by injected chem- 
icals this phenomenon has been produced and it 
may prove a help in the future histological study 
of the cells of the phloBm. 

THE BIOLOGICAL SOCIETY OF WASHINGTON 

The 552d regular meeting of the society was held 
in the Assembly Hall of the Cosmos Club, Satur- 
day, March 11, 1916, called to order by President 
Hay at 8 p.m., with 28 persons present. 



